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(54) Composite metal and polymer locking stents for drug delivery 



(57) The composite locking stent (10) includes a 
metal structural member (12) laminated between two 
layers (24) of a polymeric material capable of carryi ng 
a nd delivering therapeutic drugs . The metal and poly- 
mer components are incorporated into a rolled locking 
design. The head end (16) includes a slot (22) for 
receipt of the tail end (20). so that the tail end and main 
body portion are insertable through the slot so as to 
form a cylindrical loop. The tail erxJ preferably includes 
a plurality of teeth (23) adapted tq, cooperatively engage 



the slot of the head end for retaining the tail end when 
inserted in the slot. The metal structural member can 
function as the mec hanica[ structural backbone ar id a 
radio-opaque vis ualization marker, or with a pol ymeric 
rriaterial sufficFently stronq _to__proyid,e^the_structural 
strengthj;eguiredJor^a_ste mem- 
ber can sim plv_„b,e_provided to function as a radio- 
opaque visualization marker. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates generally to expandable intra- 
luminal vascular grafts, commonly referred to as stents 
and, more particularly, concerns composite locking 
stents having a polymeric material component capable 
of carrying and releasing therapeutic drugs. 

Description of Related Art 

Stents typically are implanted within a vessel in a 
contracted state and expanded when in place in the 
vessel in order to maintain patency of the vessel to allow 
fluid flow through the vessel. Ideally, implantation of 
such stents is accomplished by moving the stent along 
a guide wire previously placed in the vessel, and 
expanding and locking the stent in an expanded state by 
inflation of a balloon within the stent. The stent then can 
be left in place by deflating the balloon and removing 
the guide wire. 

Stents commonly have a metallic structure to pro- 
vide the strength required to function as a stent, but typ- 
ically cannot deliver localized therapeutic 
pharmacological agents to a blood vessel at the location 
being treated with the stent. While polymeric materials 
that can be loaded with and release drugs or other phar- 
macological treatments can be used for drug delivery, 
polymeric materials may not fulfill the structural and 
mechanical requirements of a stent, especially when 
the polymeric materials are loaded with a drug, because 
drug loading of a polymeric material significantly can 
affect the structural and mechanical properties of the 
polymeric material. Because it often is useful to provide 
localized therapeutic pharmacological treatment of a 
blood vessel at the location being treated with the stent, 
it would be desirable to form a composite locking stent 
containing a structural component to provide the struc- 
ture and mechanical strength required for a stent, with a 
polymeric component to provide the capability of being 
loaded with therapeutic drugs, to function together as a 
stent for placement and release of the therapeutic drugs 
at a specific intravascular site. 

SUMMARY OF THE INVENTION 

Preferred embodiments of the present invention 
provide for a composite locking stent offering structural 
strength and drug loading and delivery. The composite 
locking sterrt can be implanted in the vasculature for 
delivering therapeutic drugs at a specific site of vascular 
injury, such as can occur from percutaneous translumi- 
nal coronary angioplasty ("PTCA") or de novo lesions of 
atherosclerotic disease. The currently preferred com- 
posite locking stent incorporates a metal substructure 
which can provide the bulk of the strength of the stent. 
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The metal may vary in its type, geometry and function 
depending on what properties are required. Preferred 
embodiments provide for the desired characteristics of 
a structurally sound drug delivery stent by forming a 
5 composite of a metal stent structure laminated between 
two layers of a polymeric material that is capable of car- 
rying and delivering therapeutic drugs, and incorporat- 
ing the metal and polymer composite into a rolled 
locking design. 

10 One embodiment accordingly provides for a com- 
posite locking stent, comprising a proximal head end 
portion, and at least one elongated main body portion 
connected to the head end portion. Each main body 
portion exterjds distally from the head end portion, with 

75 each main body portion having a tail end portion oppos- 
ing the head end portion. At least one elongated slot is 
disposed in the head end portion extending transversely 
to the elongated main body portion, and each tail end 
portion is adapted to interlock with the head end portion 

20 through a corresponding one of the slots in the head 
end portion. Metal structural means are disposed in at 
least a portion of one of the head end portion and the at 
least one main body portion, with the metal structural 
means being disposed between first and second layers 

25 of polymeric material laminated together The first and 
second layers of polymeric material form an exterior 
portion of the head end portion and each main body 
portion, and at least one of the layers of polymeric mate- 
rial is capable of being loaded with and releasing thera- 

30 peutic agents at a predictable rate for delivery of the 
therapeutic agents in localized drug therapy in a blood 
vessel. Th e metal structu xaLnieans^piBferably com- 
prises a planar metal_str.ucturaLmember. _and__ca n func- 
tion as the mechanical structural.backb. one in th e head 
end and main body portion or alterna tively in only the 
head" end , as well as a radio-o paque visualizatFon 
marker, or with a polymeric material sufficiently strong 
to~proviae the structural strength required for a stent, 
the metal structural member can simply be provided to 

*i{ . function as a radio-opaque visualization marker. The tail 
: end portion of each main body portion preferably has 
peripheral edges with a plurality of teeth directed out- 
ward from the tail end portion and distally from the head 
end portion for engaging the corresponding slot in the 

4. j head end portion, and the teeth can be formed by the 
\ metal structural member or the polymeric material. TJie^ 
teeth aire_adapte<Uo_coo peratively engage the slot of 
thg jiead end for retaininq jlietail end when inserted in 
the sl ot, so that the stent can be placed in a blood ve s- 

50 seljn^^ontractedxv.lindricaLiaop-Shaa e^urQed intd jn 
expanded-conf iQuration..^ such as bv anJnf lation balloo i: 
and locked in the expanded corTfiguratioa ,b.vL.tta.eJnter- 
-locKing of the teeth oflaiLend with the sloi ^e meta l 
structural m ember prefe rably has a surface defining at 

55 least-one^^perture in the each main body portion, and 
the apertures in the metal structural member preferably 
are filled in by the layers of polymeric material, which in 
turn also preferably contain a plurality of apertures. The 
metal and polymer composite locking stent preferably is 
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formed as a sheet in a shape with head and tail portions 
so that the tail end and main body portion are insertable 
through the slot so as to form a rolled, expandable, 
cylindrical loop, that can lock in an expanded configura- 
tion. 

The two polymeric layers between which the metal 
structural portion is laminated preferably are bioabsorb- 
able. and at least one of the polymeric layers can be 
loaded with a pharmacologic agent for use in localized 
drug therapy. The primary purpose of the polymeric lay- 
ers is to carry one or more therapeutic drugs, and to 
provide a launch platform for localized delivery of the 
therapeutic drugs. 

These and other aspects and advantages of the 
invention will become apparent from the following 
detailed description, and the accompanying drawings, 
which illustrate by way of example the features of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a top plan view of a first embodiment of a 
composite locking stent according to the invention; 

Fig. 2 is a top plan view of the metal structural 
member of the composite locking stent of Fig. 1 ; 

Fig. 3 is a top plan view of a second embodiment of 
a composite locking stent according to the inven- 
tion; 

Fig. 4 is a top plan view of the metal structural 
member of the composite locking stent of Fig. 3; 

Fig. 5 is a top plan view of a third embodiment of a 
composite locking stent according to the invention; 

Fig. 6 is a top plan view of the metal structural 
member of the composite locking stent of Fig. 5; 
and 

Fig. 7 is a top plan view of a fourth embodiment of 
a composite locking stent according to the inven- 
• tion. incorporating a metal radio-opaque marker. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Stents that have a metallic structure typically do not 
provide for the delivery of localized therapeutic drugs in 
a blood vessel, while polymeric materials that can be 
used for drug delivery may not fulfill the structural and 
mechanical requirements of a stent. 

As is shown in the drawings, for purposes of illustra- 
tion, preferred embodiments of the invention provide for 
a composite locking stent with a metal structural mem- 
ber that is laminated between two layers of polymeric 
material. At least one of the layers of polymeric material 
can be loaded with a pharmacologic agent or drug for 



delivery of the therapeutic agent or drug in localized 
drug therapy in the blood vessel. With reference to Figs. 
1 and 2. in a first embodiment, the metal and polymer 
composite locking stent 10 comprises a metal structural 

5 member 12 having top and bottom surfaces 14 which 
essentially are a mirror image of each other, a proximal 
first or head end 16. and a plurality of main body por- 
tions 18 connected to the head end and extending dis- 
tally from the head end. The first embodiment of the 

70 composite locking stent currently typically has three 
main body portions, although the composite locking 
stent can have as few as one main body portion, or 
more than three. Each of the main body portions 
includes a distal second end or tail end portion 20 

15 Opposing the head erxj. 

The head end preferably includes a number of slots 
22 corresponding in number and width to the main body 
portions of the composite locking stent. The metal struc- 
tural member is formed so as to be capable of being 

20 rolled up into a cylindrical configuration whereby the first 
end overlaps the second end, and so that the tail end 
portions of the composite locking stent can be inserted 
through the corresponding slots in the head end. In the 
first embodiment, at each side of the tail end portions. 

25 the periphery of the tail end portions of the metal struc- 
tural member includes a plurality of pronged teeth 23 
generally projecting outward and distally from the head 
end. The metal structural member preferably is lami- 
nated on the exterior top and bottom surfaces with a 

30 layer of a polymer 24 capable of being loaded with and 
releasing therapeutic drugs. The polymeric layers of 
material extend beyond the peripheral edge of the metal 
structural member except at the tail end portions, where 
the teeth extend beyond the polymer material. 

35 The layers of biodegradable polymeric film on either 
side of the metal structural member preferably are 
selected for their ability to be loaded with and deliver 
drugs at predictable rates when the stent is implanted in 
a blood vessel or other lumen in the body. The biode- 

40 gradable polymeric film layers can contain the same or 
different drugs, or combinations of drugs, which are 
described further below. The polymeric materials with 
which the composite locking stent are laminated also 
will be described further below. 

45 The main body portions of the metal structural 
member also preferably include a plurality of apertures 
26 which can be filled in by the laminating polymer lay- 
ers. The laminating polymer layers filling the metal 
frame apertures also preferably include apertures 28 to 

50 facilitate the process of degradation and absorption of 
the stent once it is implanted, to allow blood flow 
through the stent to side branch vessels, for blood flow 
to the vessel wall, for endothelialization, and flexibility. 
With reference to Figs. 3 and 4, in a second embod- 

55 iment. the metal and polymer composite locking stent 
30 comprises a metal structural member 32 having top 
arxJ bottom surfaces 34 which essentially are a mirror 
image of each other, a proximal first or head end 36. 
and a plurality of main body portions 38 connected to 
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the head end and extending distally from the head end. 
The second embodiment of the composite locking stent 
currently typically also has three main body portions, 
although the composite locking stent can have as few as 
one main body portion, or more than three. Each of the 
main body portions includes a distal second end or tail 
end portion 40 opposing the head end. 

The head end preferably includes a number of slots 
42 corresponding to the number and width of the main 
body portions of the composite locking stent. As in the 
first embodiment, the metal structural member is formed 
so as to be capable of being rolled up into a cylindrical 
configuration whereby the first end overlaps the second 
end. and so that the tail end portions of the composite 
locking stent can be inserted through the corresponding 
slots in the head end. The metal structural member pref- 
erably is laminated on the top and bottom surfaces with 
a layer of a polymer material 44 capable of being loaded 
with and releasing therapeutic drugs. 

In the second embodiment, the polymeric layers 
extend beyond the entire peripheral edge of the metal 
structural member, and at each side of the tail end por- 
tions the polymeric material is formed as a plurality of 
scalloped or lobed teeth 43 generally directed outward 
and distally from the head end. 

The main body portions of the metal structural 
member also preferably include a plurality of apertures 
46 which can be filled in by the laminating polymer lay- 
ers. The laminating polymer layers filling the metal 
frame apertures also preferably include apertures 48 to 
facilitate the process of degradation and absorption of 
the stent once it is Implanted, to allow blood flow 
through the stent to side branch vessels, for blood flow 
to the vessel wall, for endothelialization, ard flexibility. 

The polymeric materials with which the composite 
locking stent are laminated in the second embodiment 
of the composite locking stent will be described further 
below. The layers of biodegradable polymeric film on 
either side of the metal structural member preferably are 
selected for the ability of the layers to be loaded with 
and to release drugs at predictable rates when the stent 
is implanted in a blood vessel or other lumen in the 
body. The biodegradable polymeric film layers can con- 
tain the same or different drugs, or combinations of 
drugs, which are described further below. 

With reference to Figs. 5 and 6. in a third embodi- 
ment, the metal and polymer composite locking stent 50 
comprises an elongated, planar metal structural mem- 
ber 52 extending across the width of the proximal first or 
head end 56 of the composite locking stent. The com- 
posite locking stent also comprises a plurality of main 
body portions 58 formed of the polymeric layers, con- 
nected to the head end and extending distally from the 
head end. The third embodiment of the composite lock- 
ing stent currently typically also has three main body 
portions, although the composite locking stent can have 
as few as one main body portion, or more than three. 
Each of the main body portions includes a distal second 
end or tail end portion 60 opposing the head end. 
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The head end preferably includes a number of 
transverse, elongated slots 62 corresponding to the 
number and width of the main body portions of the com- 
posite locking stent. As in the first and second embodi- 

5 ments. the composite locking stent is formed so as to be 
capable of being rolled up into a cylindrical configuration 
whereby the first end overlaps the second end, and so 
that the tail end portions of the composite locking stent 
can be inserted through the corresponding slots in the 

10 head end. The metal structural member preferably is 
laminated on the top and bottom surfaces with a layer of 
a polymer 64 capable of being loaded with and releas- 
ing therapeutic drugs. In the third embodiment, the 
sides of the tail end portions of the polymeric layers 

15 forming the main body portions of the composite locking 
stent also are formed as a plurality of scalloped or lobed 
teeth 63 generally directed outward and distally from the 
head end. 

The polymeric main body portions also preferably 

20 include a plurality of apertures 68 to facilitate the proc- 
ess of degradation and absorption of the stent once it is 
implanted, to allow blood flow through the stent to side 
branch vessels, for blood flow to the vessel wall, 
endothelialization, and flexibility. 

25 The polymeric materials with which the composite 
locking stent are laminated in the third embodiment of 
the composite locking stent will be described further 
below. The layers of biodegradable polymeric film on 
either side of the metal structural member preferably are 

30 selected for the ability of the layers to be loaded with 
and release drugs at predictable rates when the stent is 
implanted in a blood vessel or other lumen in the body. 
The biodegradable polymerictiim layers can contain the 
same or different drugs, or combinations of drugs, 

35 which are described further below. 

In a fourth embodiment of the composite locking 
stent, illustrated in Fig. 7. the metal and polymer com- 
posite locking stent 70 comprises a planar sheet of the 
two polymeric layers 84 forming the proximal first or 

40 head end 76 of the composite locking stent, and the plu- 
rality of main body portions 78, connected to the head 
end and extending distally from the head end. The 
fourth embodiment of the composite locking stent cur- 
rently typically has five main body portions, although the 

45 composite locking stent can have as few as one main 
body portion, or more than five. Each of the main body 
portions includes a distal second end or tail end portion 
80 opposing the head end. The head end preferably 
includes a number of transverse, elongated slots 82 cor- 

50 responding to the number and width of the main body 
portions of the composite locking stent. 

The metal structural member comprises one or 
more planar radio-opaque markers 72 sandwiched 
between the two polymeric layers, typically at a tail end 

55 of a central main body portion for finding a central locus 
of the composite locking stent, although the markers 
can be placed at any suitable location in the stent. The 
radio-opaque marker currently preferably is made of 
platinum-iridum alloy, although other metals may also 
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said second side of said second layer, at least 
one of said layers of polymeric nnaterial being 
loaded with at least one therapeutic agent to be 
delivered at a predictable rate in localized drug 
therapy in a blood vessel. 5 

7. The composite stent of Claim 6, wherein at least 
one of said layers defines a proximal head end por- 
tion and at least one elongated main body portion 
connected to said head end portion, said at least io 
one main body portion extending distally from said 
head end portion, each said elongated main body 
portion having a tail end portion opposing said head 
end portion. 

15 

8. The composite stent of Claim 7, wherein said sec- 
ond layer of said planar metal structural member 
comprises provides structural support in said head 
end portion and in said at least one main body por- 
tion. 20 

9. The composite stent of Claim 1 or Claim 6, wherein 
said metal structural means comprises a radio- 
opaque marker. 

25 

10. The composite stent of Claim 1 or Claim 6, wherein 
at least one of said first and second layers of poly- 
meric material is selected from the group consisting 
of polycaprolactone. poly-DL-lactic acid, poly-L-lac- 

tic acid, polyorthoesters. polyiminocarbonates. 30 
aliphatic polycarbonates, and polyphosphazenes. 

1 1 . The composite stent of Claim 1 or Claim 6, wherein 
at least one of said layers of polymeric material 
contains a therapeutic agent selected from the 35 
group consisting of antiplatelets, antithrombins. 
cytostatic and antiproliferative agents, and combi- 
nations thereof. 

12. The composite stent of Claim 1 or Claim 6. wherein 40 
at least one of said layers of polymeric material 
contains a therapeutic agent selected from the 
group consisting of sodium heparin, low molecular 
weight heparin, hirudin, argatroban, forskolin, 
vapiprost. prostacyclin and prostacyclin analogues, 4s 
dextran, D-phe-pro-arg-chloromethylketone. dipyri- 
damole, glycoprotein tib/llla platelet membrane 
receptor antibody, recombinant hirudin, thrombin 

" inhibitor, angiopeptin, angiotensin converting 
enzyme inhibitors, or Lisinopril; calcium channel so 
blockers, colchicine, fibroblast growth factor antag- 
onists, fish oil. omega 3-fatty acid, histamine antag- 
onists. HMG-CoA reductase inhibitor, 
methotrexate, monoclonal antibodies, nitroprus- 
side, phosphodiesterase inhibitors, prostaglandin ss 
inhibitor, serotonin blockers, steroids, thioprotease 
inhibitors, triazolopyrimidine and other PDGF 
antagonists, alpha- interferon, genetically engi- 
neered epithelial cells, nitric oxide, and combina- 



tions thereof. 

13. The composite stent of Claim 7, wherein said sec- 
ond layer of said metal structural member is dis- 
posed in said at least one main body portion and 
has a surface defining at least one aperture. 

14. The composite stent of Claim 5 or Claim 13, 
wherein said at least one aperture is filled in by said 
layers of polymeric material, and said layers of pol- 
ymeric material have a surface defining a plurality 
of apertures through said polymeric material and 
said at least one aperture. 

1 5. The composite stent of Claim 1 or Claim 6, wherein 
said layers of polymeric material are bioabsorbable. 

16. The composite stent of Claim 7, wherein at least 
one elongated slot is disposed in said head end 
portion extending transversely to said elongated 
main body portion, each said tail end portion being 
adapted to interlock with said head end portion 
through a corresponding one of said slots in said 
head end portion. 

17. The composite stent of Claim 1 or Claim 16, 
wherein each said tail end portion of said at least 
one main body portion comprises peripheral edges 
having a plurality of teeth directed outward from 
said tail end portion and distally from said head end 
portion for engaging said corresponding slot in said 
head end portion. 

18. The composite stent of Claim 17 when dependent 
upon Claim 16. wherein said second layer of said 
planar metal structural member comprises is dis- 
posed in said tail end portion of said at least one 
main body portion having peripheral edges with a 
plurality of teeth directed outward from said tail end 
portion and distally from said head end portion for 
engaging said corresponding slot in said head end 
portion. 

19. The composite stent of Claim 17 when dependent 
upon Claim 16. wherein said plurality of teeth are 
formed by said first and third layers of polymeric 
material. 

20. The composite locking stent of Claim 16 when 
dependent upon Claim 1 , wherein said plurality of 
teeth are formed by said first and second layers of 
polymeric material. 
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